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GROUP 3600 

[TITLE OF THE INVENTION] 

POWER TRANSMISION APPARATUS FOR AUTOMOBILE 

I CLAIMS! 

1. A power transmission apparatus for use in an automobile, comprising: 
(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive power 
is transmitted fi-om said engine through a first fidction clutch; (b2) a second 
input shaft to which motive power is transmitted fi-om said engine through a 
second friction clutch; (b3) a plurality of gear trains provided between said first 
input shaft and an output shaft and between said second input shaft and said 
output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; and 

(d) a second motor connected to said second input shaft, wherein 
either one of said first motor and said second motor is driven so that 

reduction of torque on said output shaft is compensated, when conducting gear- 
shift through change-over of said gear trains by means of said claw clutch. 

2. A power transmission apparatus for use in an automobile, comprising: 
(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive 
power is transmitted firom said engine through a first firiction clutch; (b2) a 
second input shaft to which motive power is transmitted fi:om said engine 
through a second fiiction clutch; (b3) a plurahty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 




[NAME OF DOCUMENT] 

SPECIFICATION 



1 



and said output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; and 

(d) a second motor connected to said second input shaft, wherein 
either one of said first motor and said second motor is driven so that 

torque fluctuation on said output shaft is suppressed, when conducting gear- 
shift through change-over between said first firiction clutch and said second 
fiiction clutch. 

3. A power transmission apparatus according to either one of the claims 1 
and 2, wherein either one of said first motor or said second motor is driven so 
that wear-out of said claw clutch is suppressed by controlling either one of said 
first input shaft and said second input shaft, when conducting gear-shift 
through change-over of said gear trains by means of said daw clutch. 

4. A power transmission apparatus for use in an automobile, comprising: 
(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive 
power is transmitted firom said engine through a first fiiction clutch; (b2) a 
second input shaft to which motive power is transmitted firom said engine 
through a second fidction clutch; (b3) a pluraUty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 
and said output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; 

(d) a second motor connected to said second input shaft; and 

(e) a battery which is charged with an output generated by either one of 
said first motor and said second motor, wherein 

either one of said first motor and said second motor is driven with an 
output discharged from said battery, for traveling. 
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5. A power transmission apparatus for use in an automobile, comprising: 
(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive 
power is transmitted firom said engine through a first firiction clutch; (b2) a 
second input shaft to which motive power is transmitted firom said engine 
through a second fi-iction clutch; (b3) a pluraUty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 
and said output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; 

(d) a second motor connected to said second input shaft; and 

(e) a battery which is charged with an output generated by either one of 
said first motor and said second motor, wherein 

electric power generation is conducted through driving either one of said 
first motor or said second motor by a part of motive power of said engine, so as 
to charge said battery with generated output obtained by the electric power 
generation, during traveling with driving power of said engine. 

6. A power transmission apparatus for use in an automobile, comprising: 

(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive 
power is transmitted fi:om said engine through a first fi-iction clutch; (b2) a 
second input shaft to which motive power is transmitted firom said engine 
through a second fiiction clutch; (b3) a pluraHty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 
and said output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; 

(d) a second motor connected to said second input shaft; and 
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(e) a battery which is charged with an output generated by either one of 
said first motor and said second motor, wherein 

either one of said first motor and said second motor is driven by said 
engine so as to conduct electric power generation, when a vehicle stops and if 
remaining capacity of said battery is less than a predetermined value, thereby 
charging said battery with generated output obtained through the electric 
power generation. 

7. A power transmission apparatus for use in an automobile, comprising: 
(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive 
power is transmitted firom said engine through a first firiction clutch; (b2) a 
second input shaft to which motive power is transmitted firom said engine 
through a second friction clutch; (b3) a pluraUty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 
and said output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; and 

(d) a second motor connected to said second input shaft, wherein 
either one of said first motor and said second motor is driven by said 

engine, so as to conduct electric power generation, while the other of said first 
motor and said second motor is driven with generated output obtained through 
the electric power generation, thereby to travel. 

8. A power transmission apparatus for use in an automobile, comprising: 
(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive 
power is transmitted firom said engine through a first firiction clutch; (b2) a 
second input shaft to which motive power is transmitted firom said engine 
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through a second friction clutch; (b3) a pluraUty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 
and said output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; 

(d) a second motor connected to said second input shaft; and 

(e) a battery which is charged with an output generated by either one of 
said first motor and said second motor, wherein 

either one of said first motor and said second motor is driven witharged 
fi-om said battery, thereberebd second moty to assist driving power of said 
engine. 

9. A power transmission apparatus for use in an automobile, comprising: 
(a) an engine; 

a gear-type transmission having: (bl) a first input shaft to which motive 
power is transmitted from said engine through a first friction clutch; (b2) a 
second input shaft to which motive power is transmitted from said engine 
through a second friction clutch; (b3) a pluraHty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 
and said output shaft; and (b4) a claw clutch provided on said gear trains; 

(c) a first motor connected to said first input shaft; 

(d) a second motor connected to said second input shaft; and 

(e) a battery which is charged with an output generated by either one of 
said first motor or said second motor, wherein 

during travehng with driving power of said engine, electric power 
generation is conducted through driving either one of said first motor and said 
second motor by a part of motive power of said engine, and the other of said first 
motor and said second motor is driven with generated output obtained through 
the electric power generation to thereby assist driving power of said engine. 
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[DETAILED DESCRIPTION OF THE INVENTION! 
[OOOll 

[TECHNICAL FIELD TO WHICH THE INVENTION PERTAINS] 
The present invention relates to the structvire of a motive power 
transmission system comprising an engine, electric motors and a gear-type 
transmission therein, and in particxilar, relates to a power transmission 
apparatus for use in an automobile capable of achieving both a reduction in 
mileage and drivabihty through smaU-sizing and weight-lightening of the 
motive power transmission system. 

[0002] 

[PRIOR ART] 

The power transmission apparatus, according to the conventional art, for 
achieving an improvement in transmission efBciency in the motive power 
transmission system, as well as the drivabiUty thereof, is described in Japaent 
Laying-Open n cribedNo. Hei 11-313404 (1999), for example. 
[0003] 

In this publication is described the power transmission apparatus for use 
in an automobile, in which an input shaft of the gear-type transmission is 
connected to an electric power generator or alternator while an output shaft 
thereof is connected to an electric motor(s). With such the transmission 
apparatus, since various driving modes can be reahzed or achieved through the 
integrity control of the engine, the alternator, the electric motor(s), and the 
gear-type transmission, then it is possible to achieve the reduction in mileage. 
Furhter, compensation or adjustment is also possible for a drop in the driving 
power when changing over the gear trains by means of the motor(s) mentioned 
above, in particular, when conducting the gearshift by exchang the gear trains 
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through a claw clutch, and therefore, it is possible to obtain an improvement in 

drivability- 
100041 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

For such the power transmission apparatus, it is necessary to control the 
engine, the electric motor(s) and the alternator, integraUy, so that the engine 
and the electric motor(s) operate within a region of high efficiency thereof, while 
satisfying a feeling of acceleration or deceleration that a driver requires, 
thereby obtaining the reduction in mileage. For that purpose, the electric 
motor(s) is/are connected to the output shaft of the gear-type transmission, 
thereby being so constructed that the reduction of driving power during the 
gear-shifting is adjusted by means of the electric motor(s) mentioned above. 

[00051 

However, with such the structure of the transmission apparatus as 
mentioned above, since required torque of the electric motor(s) is large during 
the gear-shifting, it is impossible for the electric motor(s) to escape from 
becoming large in the sizes thereof, and therefore it is difficult to reduce the 
mileage. 
[00061 

Therefore, an object of the present invention is to provide a motive power 
transmission apparatus in which various driving modes can be reaUzed and a 
reduction in mileage and drivabihty can be achieved by smaU-sizing and 
weight-lightening of the power transmission apparatus attributable to small- 
sizing of the electric motor. 
[0007] 

[MEANS FOR SOLVING THE PROBLEM] 

For achieving such the object as mentioned above, according to the present 
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invention, there is provided a power transmission apparatus for use in an 
automobile comprising (a) an engine; a gear-type transmission having (bl) a 
first input shaft to which motive power is transmitted firom said engine through 
a first fiiction clutch, (b2) a second input shaft to which motive power is 
transmitted fi-om said engine through a second firiction clutch, (b3) a plurahty of 
gear trains provided between said first input shaft and an output shaft and 
between said second input shaft and said output shaft, and (b4) a claw clutch 
provided on said gear trains; (c) a first motor connected to said first input shaft; 
and (d) a second motor connected to said second input shaft; wherein either one 
of said first motor or said second motor is driven so that reduction of torque on 
said output shaft is compensated, when conducting gear-shift through change- 
over of said gear trains by means of said claw clutch. 
[0008] 

Also, according to the present invention, there is provided a power 
transmission apparatus for use in an automobile comprising (a) an engine; a 
gear-type transmission having (bl) a first input shaft to which motive power is 
ted from said engngive poine through a first firiction clutch, (b2) a second input 
shaft to which motive power is transmitted from said engine through a second 
fidction clutch, (b3) a pluraUty of gear trains provided between said first input 
shaft and an output shaft and between said second input shaft and said output 
shaft, and (b4) a claw clutch provided on said gear trains; (c) a first motor 
connected to said first input shaft; and (d) a second motor connected to said 
second input shaft; wherein either one of said first motor or said second motor is 
driven so that torque fluctuation on said output shaft is suppressed, when 
conducting gear-shift through change-over between said first friction clutch and 
said second fiiction clutch. 
[0009] 

Preferably, according to the present invention, in the power transmission 
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apparatus, either one of said first motor or said second motor is driven so that 
wear-out of said claw clutch is suppressed by controlling the rotating speed of 
either one of said first input shaft or said second input shaft, when conducting 
gear-shift through change-over of said gear trains by means of said claw clutch. 
[OOlOl 

[MODE IN WHICH THE INVENTION IS IMPLEMENTED] 

Embodiments according to the present invention wiU be below explained 
in detail with reference to the attached drawings. 
[0011] 

Fig. 1 shows the structvire of an automobile system according to an 
embodiment of the present invention. 
[0012] 

Within an engine 1, an amount of suction air is controUed by means of an 
electronic control throttle 43 provided in a suction tube or conduit (not shown in 
the figure), and an amount of fuel fitting to the air amount is injected firom a 
fuel injector(s) (not shown in the figure). Also, ignition timing is determined 
upon basis of signals, such as, an air-fuel ratio, which is determined on the 
basis of the amounts of air and fuel mentioned above, and an engine rotating 
speed Ne, which is measured from an engine rotating speed sensor 44, thereby 
the ignition is conducted by means of an ignition apparatus (not shown in the 
figxire). As the fuel injection apparatus, there is an intake port injection method, 
in which the fuel is injected into an air intake port, or a cylinder injection 
method of injecting the fuel directly into the cylinder. It is preferable to select 
an engine of the method, with which the mileage can be reduced with 
comparing a driving area required for the engine (thus, the area determined by 
the engine torque and the engine rotating speed), and being superior in an 
exhaust performance thereof. 
[00131 
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A gear 20 is attached to an engine output shaft 19, so as to be rotated as 
one body with the engine output shaft 19. and gears 21 and 22 are always 
engaged or meshed with the gear 20, respectively. Herein, the gear ratio of each 
of the gear trains ( i. e., between the gears 20 and 21 and between the gears 20 
and 22) is assumed to be one (1). Also, between the engine output shaft 19 
mentioned above and a first input shaft 23 of a gear-type transmission 100, a 
first friction clutch 25 is provided for allowing the motive power of the engine 1 
to be transmitted to the first input shaft 23. With using a clutch of wet multi- 
plate type as the first firiction clutch 25, and also an actuator driven by oil 
pressure or an electric motor or the hke, for controUing pressing force upon the 
first firiction clutch 25, thereby to adjust the pressing force upon the first 
fiiction clutch 25, it is possible to adjust the torque transmitted firom the engine 
output shaft 19 to the first input shaft 23. In the similar manner, a second 
firiction clutch 26 is provided between the engine output shaft 19 and a second 
input shaft 24 of the gear-type transmission 100, thereby enabUng to transmit 
the motive power of the engine 1 to the second input shaft 24. With using such a 
clutch of wet multi-plate type as the second firiction clutch 26, and also an 
actuator driven by oil pressure or an electric motor or the like, for controUing 
pressing force upon the second firiction clutch 26, thereby to adjusting the 
pressing force upon the second fidction clutch 26, it is also possible to adjust the 
torque transmitted fi-om the engine output shaft 19 to the second input shaft 24. 
However, as the first fi-iction clutch 25 and the second firiction clutch 26 
mentioned above, it is possible to adopt aU other friction clutches, such as, a 
clutch of a dry single-plate type, or a clutch of dry multi-plate type, or an 
electromagnetic clutch, etc., in addition to the wet multi-plate type mentioned 
above, and in particular, when applying the electromagnetic clutch mentioned 
above, an actuator driven by electromagnetic force is used to control the 
pressing force upon the clutch. 
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[00141 

Onto the first input shaft 23 mentioned above are attached or mounted a 
first motor 29, a gear 31 equipped with a contact gear 5 and a synchronizer 4, a 
gear 35 equipped with a contact gear 11 and a synchronizer 10, a gear 39 
equipped with a contact gear 13 and a synchronizer 12, a hub sleeve 3 directly 
connecting between the first input shaft 23 and the gear 31, and a hub sleeve 9 
directly connecting between the first input shaft 23 and the gear 35 or 39, being 
fireely rotatable to the first input shaft 23. Onto the gears 31, 35 and 39 are 
provided stoppers (not shown in the figure), for preventing them firom shifting 
in an axial direction of the first input shaft 23. And, in the inside of the hub 
sleeve 3 and 9 are formed gutters (not shown m the figure) to be meshed with a 
pluraUty of gutters (not shown in the figure) of the first input shaft 23 
mentioned above, so that the huh sleeves 3 and 9 are engaged with the first 
input shaft 23, being allowed to make a relative movement in the axial direction 
of the first input shaft 23, but restricted from a movement in the rotational 
direction thereof. Accordingly, the torque on the first input shaft 23 is 
transmitted to the above-mentioned hub sleeves 3 and 9. 
[0015] 

For transmitting the torque fi:om the hub sleeve 3 to the gear 31, it is 
necessary to move the hub sleeve 3 mentioned above in the axial direction of the 
first int 23, thereby to connect the hub sleeve 3 with the gear 31, directly, 
through the synchronizer 4 and the contact gear 5. In the similar manner, for 
transmitting the torque fi-om the above-mentioned hub sleeve 9 to the gear 35 
or 39, it is necessary to move the hub sleeve 3 in the axial direction of the first 
input shaft 23, so as to connect the hub sleeve 9 with the gear 35 or 39. directly, 
through the synchronizer 10 and the gear 11, or through the synchronizer 12 
and the contact gear 13. For the movement of the above hub sleeves 3 and 9, an 
actuator is used, which is driven by oil pressure or an electric motor. The hub 
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sleeve 3 mentioned above can be utilized as a detector of the rotating speed Nil 
of the first input shaft 23, thereby enabUng the detection of the rotating speed 
of the first input shaft 23 by detecting the rotation of the hub sleeve 3 through a 
sensor 45. 
[0016] 

Onto the second input shaft 24 mentioned above are attached or mounted 
a second motor 30, a gear 33 equipped with a contact gear 8 and a synchronizer 
7, a gear 37 equipped with a contact gear 16 and a synchronizer 15, a gear 41 
equipped with a contact gear 18 and a synchronizer 17, a hub sleeve 6 directly 
connecting between the second input shaft 24 and the gear 33, and a hub sleeve 
14 directly connecting between the second input shaft 24 and the gear 37 or 41, 
being freely rotatable to the second input shaft 24. Onto the gears 33, 37 and 41 
are provided stoppers (not shown in the figure), for preventing them fi:om 
shifting in an axial direction of the second input shaft 24. And, in the inside of 
the hub sleeve 6 and 14 are formed gutters (not shown in the figure) to be 
meshed with a plurality of gutters (not shown in the figure) of the second input 
shaft 24 mentioned above, so that the hub sleeves 6 and 14 are engaged with 
the second input shaft 24, being aUowed to make a relative movement in the 
axial direction of the second input shaft 24, but restricted firom a movement in 
the rotational direction thereof. Accordingly, the torque on the second input 
shaft 24 is transmitted to the above-mentioned hub sleeves 6 and 14. 
[00171 

For transmitting the torque from the hub sleeve 6 to the gear 33, it is 
necessary to move the hub sleeve 6 mentioned above in the axial direction of the 
sect shaft 24, so a aion o£s to connect the hub sleeve 6 with the gear 33, directly, 
through the synchronizer 7 and the contact gear 8. In the similar manner, for 
transmitting the torque firom the above-mentioned hub sleeve 14 to the gear 37 
or 41, it is necessary to move the hub sleeve 14 in the axial direction of the 
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second input shaft 24, so as to connect the hub sleeve 14 to the gear 37 or 41, 
directly, through the synchronizer 15 and the contact gear 16, or through the 
synchronizer 17 and the contact gear 18. For the movement of the above hub 
sleeves 6 and 14, an actuator is used, which is driven by oil pressure or an 
electric motor. The hub sleeve 14 mentioned above can be also utiUzed as a 
detector of the rotating speed Ni2 of the second input shaft 24, thereby enabling 
the detection of the rotating speed of the second input shaft 24 by detecting the 
rotation of the hub sleeve 14 through a sensor 46. 
[0018] 

The claw clutch mechanism comprising the hub sleeve, the contact gear 
and the synchronizer, which functions as a torque transmission means, is caUed 
a dog clutch, and these mechanisms enable the transmission of the torque on 
the first input shaft 23 and the second input shaft 24 to the output shaft 27 with 
high efficiency, thereby assisting in the improvement in fuel efficiency. 
[0019] 

Onto the output shaft 27 mentioned above are attached or mounted gears 
32, 34, 36, and 38, and also gears 40 and 42, so as to be rotated together with 
the output shaft 27 in one body, and those gears are always meshed with the 
gears 31, 33, 35 and 37, and also gears 37, 39 and 41, respectively. The gear 42 
mentioned above is also used as a detector of the rotating speed No of the 
output shaft 27, therefore detection of the rotation of the gear 42 by a sensor 47 
allows the detection of the rotating speed of the output shaft 27. Also, to the 
output shaft 27 mentioned above is connected a differential apparatus 28, 
therefor the torque on the output shaft 27 is transmitted up to wheels or tires 
48 through the differential apparatus 28 and a vehicle driving axis 2. 
[0020] 

In the embodiment of the present invention shown in the Fig. 1, it is 
assumed that the gear train made up between the gears 31 and 32 is the first 
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(1st) speed, between the gears 33 and 34 the second (2nd) speed, between the 
gears 35 and 36 the third (3rd) speed, between the gears 33 and 34 the fourth 
(4th) speed, between the gears 39 and 40 the fifth (5th) speed, and between the 
gears 41 and 42 the sixth (6th) speed, respectively, on the steps of the 
transmission. 
[0021] 

Also, in the embodiment of the present invention shown in the Fig. 1, as 
an actuator of the second friction clutch 26 mentioned ahnear actuator r 26 
menis appUed, which is constructed with a rack 61, a clutch lever 56 for 
connecting between the rack 61 and the second friction clutch 26, a small gear 
59 meshed with the rack 61, and a stepping motor 53. With the above- 
mentioned stepping motor 53, since it is possible to recognize the rotation angle 
thereof by means of the number of steps preset in advance, measurement can be 
made on the distance of shifting of the rack 61 and hence a stroke of the above- 
mentioned second Motion clutch 26, and therefore it is possible to estimate or 
forecast the transmission torque of the second Motion clutch 26 with high 
accuracy. Further, the actuator mechanism mentioned above is also appUed to, 
as an actuator (not shown in the figure) for the first Mction clutch 25. 
[0022] 

On the other hand, for the movement of the hub sleeve 6 mentioned above, 
a Hnear actuator is applied, which is constructed with a rack 62, a small gear 60 
meshed with the rack 62, and a DC (Direct Current) motor (1) 54. The outer 
peripheral portion of the hub sleeve 6 is made free in the rotational direction of 
the second input shaft 24, and a lever 57 is provided, which does not rotate 
together with the rotation of the hub sleeve 6. The DC motor (1) 54 is designed 
so that the torque is controlled depending upon current or voltage thereto, and 
has such the construction that acceleration can be controlled when the hub 
sleeve 6 moves in the axial direction. Also, the actuator mechanism mentioned 
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above may be appUed to the actuator (now shown in the figure) for the hub 
sleeve 3 mentioned above. 
[0023] 

In a similar manner, for the movement of the hub sleeve 14 mentioned 
above, a Unear actuator is appUed, which is constructed with a rack 63, a smaU 
gear 61 meshed with the rack 63, and a DC (Direct Current) motor (2) 55. The 
outer peripheral portion of the hub sleeve 14 is made firee in the rotational 
direction of the second input shaft 24, and a lever 58 is provided, which does not 
rotate together with the rotation of the hub sleeve 14. The DC motor (2) 55 is 
designed so that the torque is controlled depending upon current or voltage 
thereto, and has such the construction that acceleration can be controlled when 
the hub sleeve 14 moves in the axial direction. Also, the actuator mechanism 
mentioned above may be appUed to the actuator (now shown in the figure) for 
the hub sleeve 9 mentioned above. 
[0024] 

Next, explanation will be made on a controller of the engine 1, the first 
motor 29, the second motor 30 and the gear-type transmission 100, by referring 
to a control block shown in Fig. 2, on the torque characteristics on a target drive 
shaft (target drive shaft torque characteristics) shown in Fig. 3, and also on the 
characteristics of gear-shift commands. 
[0025] 

First of all, into a power train control unit 50 shown in the Fig. 1 are 
inputted a depression amoimt ( of an acceleration pedal, a depression force ( of 
an brake pedal, the position of a shift lever li, the battery capacity Vb detected 
fi:om a battery 49, an engine rotating speed Ne detected by the engine rotating 
speed sensor 44 mentioned above, the rotating speed Nil of the first input shaft 
detected by the sensor 45 mentioned above, a rotating speed Ni2 of the second 
input shaft detected by the sensor 46 mentioned above, and an output shaft 
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rotating speed No detected by the sensor 47 mentioned above. And, in the power 
train control unit 50 mentioned above, the torque of the engine 1 is calcidated, 
and is sent or transmitted to an engine control unit 51 through LAN as a 
communication means. In the engine control unit 51, an opening angle of the 
throttle valve, an amoimt of fuel and the ignition timing are calculated out for 
accompUshing the torque of the engine 1 transmitted, thereby to control the 
actuators thereof, respectively. With the motor control unit 52 mentioned above, 
the battery 49 is charged up with the electric power obtained from the first 
motor 29 and the second motor 30, and/or the electric power is suppUed from 
the battery 49, so as to drive the first motor 29, the second motor 30, the 
stepping motor 53, the DC motor (1) 54, and the DC motor (2) 55, etc. In the Fig. 
2, within the power train control unit 50, first of all a vehicle speed Vsp is 
calculated out from the output shaft rotating speed No by a function f in a step 
201. Next, in a step 202, a target drive shaft torque TTqOut, at which a driver 
aims, is calculated out from the vehicle speed Vsp, the acceleration pedal 
depression amount a , the brake pedal depression force /3 , and the shift lever 
position li. And, in a step 203, a gear-shift command (or shift command) Ss is 
calculated out from the above-mentioned target drive shaft torque TTqOut and 
the vehicle speed Vsp, thereby selecting a predetermined step in transmission. 
Finally in a step 204, from the above-mentioned target drive shaft torque TqOut, 
the vehicle speed Vsp, the battery capacity Vb, the engine rotating speed (or 
engine speed) Ne, and the first input shaft rotation speed Nil and the second 
input shaft rotating speed Ni2, the torque for each actuator (i. e., the engine 
torque Te, the first motor torque Tml, the second motor torque Tm2, and each 
DC motor toque) and the number of steps of each stepping motor are calculated 
out, and are outputted. 
[0026] 

Fig. 3 shows the torque characteristics of a target drive shaft, wherein the 
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horizontal axis indicates the vehicle speed Vsp while the vertical axis the target 
drive shaft torque TTqOut. It is assumed that the side above an intersection 
point of the two (2) axes mentioned above is in the positive direction of the 
target drive shaft torque TTqOut, while the side below the intersection point in 
the negative direction thereof. Also, the area extended on the right-hand side 
from the intersection point indicates an advance or forward movement, while 
the area extended on the left-hand side from the intersection point a retreat or 
backward movement. The soUd Unes depict the acceleration pedal depression 
amounts a , and the dotted lines the brake pedal depression force ^ . The 
bigger the acceleration pedal depression amount a (indicated by %), the larger 
the acceleration feeUng which the driver demands, therefore the target drive 
shaft torque TTqOut comes to be large. Herein, since there is no necessity of 
increasing up the vehicle speed as in the forward movement, when moving 
backward, therefore the above-mentioned target drive shaft torque TTqOut 
comes to be small. The brake pedal depression force ^ comes to be larger in 
the value thereof as it goes down in the graph of Fig. 3, and it indicates that the 
driver demands a large deceleration. Also, at a low vehicle speed of 0% in the 
acceleration pedal depression amount a , the above-mentioned target drive 
shaft torqued to the positive, so that creepreepgDeDtD DdDrD torque is 
generated in the manner similar to an AT car equipped with a torque converter, 
and when the remaining capacity of the battery 49 is larger than a 
predetermined value, the car runs with the driving power of the first motor 29 
and the second motor 30 mentioned above. Or, when the remaining capacity of 
the battery 49 is smaller than the predetermined value, the car runs with the 
driving power of the engine 1. Next, explanation wiU be made on driving areas 
or regions of applying the engine 1 and the first motor 20, and the second motor 
30. A meshed area in the figure indicates an area of motor driving, while an 
area with slanting fines indicates that of engine driving or driving area of both 
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the engine and the motor in common. NormaUy, in the area where the target 
drive shaft torque TTqOut is smaU, for example, in a low speed range when the 
car moves forward or when moving backward, the car should be driven by only 
using the motors, i.e., the first motor 29 and the second motor 30, firom a 
viewpoint of the driving performances or drivabiUty, such as, comfortableness of 
riding in a car and/or responsibiUty. Or, when the target drive shaft torque 
TTqOut is negative, a regenerative drive is executed by means of the first motor 
29 and the second motor 30, thereby achieving or estabUshing both the 
deceleration which the driver demands and the reduction in mileage through 
energy collection therefirom. 
[0027] 

Fig. 4 shows, for bringing the drive range of the engine 1, the first motor 
29 and the second motor 30 up to further high efficiency, characteristics of the 
gear-shift command Ss to the gear-type transmission 100. In the Fig. 4, wherein 
the soHd Une indicates a up-shift hne (for example, from the 1st speed to 2nd 
speed) while the broken line a down-shift line (for example, firom the 2nd speed 
to 1st speed), the gear-shift line command Ss is determined by the vehicle speed 
Vsp and the target drive torque TtqOut. The above gear-shift command Ss is 
obtained in advance, at the values where the engine 1, the first motor 29 and 
the second motor 30 show the high efficiency within all of the driving ranges, 
through experiments or a simvdation thereof, and they are memorized in a 
memory means (not shown in the figure) in the power train control unit 50 
mentioned above. 
[0028] 

By referring to Figs. 5 through 10, explanation will be made on operation 
principles of the system structure shown in the Fig. 1. In particular. Fig. 5 
shows an operation principle of a motor running mode. Fig. 6 an alternator 
mode. Fig. 7 a charging while stopping mode and a series mode. Fig. 8 a parallel 
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mode, and Figs. 9 and 10 the operation principle of a series/paraUel common 
mode. 
[0029] 

The motor running mode in Fig. 5 is a mode where the car is running by 
driving at least one of the first motor 29 and the second motor 30 with an output 
discharging from the battery 49. In this case, the first fidction clutch 25 is 
released while the hub sleeve 3 is connected to the gear 31 directly, so as to set 
the gear-type transmission 100 at the 1st speed in the transmission ratio, 
thereby traveling with the driving power of the first motor 29. In this instance, 
the torque transmission route of the first motor 29 is, as indicated by the soUd 
lines in the figure: i.e., the first input shaft 23 -» the hub sleeve 3 ^ the gear 
31 the gear 32 the output shaft 27. However, the hub sleeve 9 may be 
connected to the gear 35 or 39 directly, thereby setting the transmission ratio of 
the gear-type transmission 100 at the 3rd speed or the 5th speed, so as to travel. 
It is also possible to release the second friction clutch 26 while connecting the 
hub sleeve 6 to the gear 33 directly, so as to set the transmission ratio of the 
gear-type transmission 100 at the 2nd speed, thereby traveling with the driving 
power of the second motor 30. In this instance, the torque transmission route of 
the first motor 29 is, as indicated by the dotted Unes in the figure: i.e., the 
second input shaft 24 the hub sleeve 6 the gear 33 the gear 34 
the output shaft 27. However, the hub sleeve 14 may be connected to the gear 
37 or 41 directly, thereby setting the transmission ratio of the gear- type 
transmission 100 at the 4th speed or the 6th speed, so as to travel. Further, in a 
case where the target drive shaft torque TTqOut is large, it is possible to drive 
the first motor and the second motor, simultaneously, so as to travel. In this 
instance, for escaping from interference in the torque between both, the first 
motor 29 and the second motor 30, both the first friction clutch 25 and the 
second friction clutch 26 are in the release condition. Also, in case of traveUng 
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with either one of the motors, for example, when traveUng with the first motor 
29, it is preferable to bring the second friction clutch 26 in the release condition, 
or both the hub sleeve 6 and the hub sleeve 17 in a neutral condition, so as to 
cut off the engine 1, thereby reducing electric power consumption of the battery 

49. 
[0030] 

The alternator mode in Fig.6 is a mode where at least one of the first 
motor 29 and the second motor 30 is driven by a part of the motive power of the 
engine 1 for power generation during the traveling with the driving force of the 
engine 1, thereby to charge the battery with the output generated fi:om the 
motor(s). First, explanation will be made on a case where the torque of the 
engine 1 is transmitted through the first input shaft 23. In this case, the first 
friction clutch 25 is closed while the second fiiction clutch 26 is released, so as 
to connect the hub sleeve 3 to the gear 3 directly, and the transmission ratio of 
the gear-type transmission 100 is set to the 1st speed, thereby to travel with the 
driving force of the engine 1. In this instance, the torque transmission route of 
the engine 1 is, as indicated by the solid Hne in the figure: i.e., the engine output 
shaft 19 the gear 20 -» the gear 21 -» the first firiction clutch 25 the 
first input shaft 23 the hub sleeve 3 the gear 31 the gear 32 -» the 
output shaft 27, and therefore as shown by the dotted line in the figure, it is 
possible to drive the first motor 29 to generate electricity with using a part of 
the driving force of the engine 1. Further, connecting of the hub sleeve 6 to the 
gear 33 directly, or connecting the hub sleeve 14 to the gear 37 or 41 directly, as 
is shown by a one-dotted chain lines in the figure, enables driving of the second 
motor 30 to generate electricity therefirom. Also, when driving only the first 
motor so as to generate electricity therefi-om, it is preferable to turn both the 
hub sleeves 6 and 14 into the neutral condition, thereby cutting off the second 
motor so as to reduce the fuel consumption of the engine 1. F\irther, the 
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alternator mode mentioned above can be also achieved, in the similar manner, 
in a case where the hub sleeve 9 is connected to the gear 35 or 39 directly, and 
where the transmission ratio of the gear-type transmission 100 is set at the 3rd 
speed or the 5th speed, thereby traveling with the driving force of the engine 1. 
Next, explanation will be made on a case (not shown in the figure) where the 
torque of the engine 1 is transmitted through the second input shaft. In this 
case, the first friction clutch 25 is released while the second friction clutch 26 is 
closed, and the hub sleeve 6 is connected to the gear 33 directly, so as to set the 
transmission ratio of the gear-type transmission 100 at the 2nd speed, thereby 
to travel with the driving force of the engine 1. In this instance, the torque 
transmission route of the engine 1 is: i.e., the engine output shaft 19 ( the gear 
20 the gear 22 -* the second fiiction clutch 26 -» the second input shaft 24 
the hub sleeve 6 the gear 33 -* the gear 34 -» the output shaft 27, and 
therefore it is possible to drive the second motor 30 to generate electricity with 
using a part of the driving force of the engine 1. Further, connecting the hub 
sleeve 3 to the gear 31 directly, or connecting the hub sleeve 9 to the gear 35 or 
39 directly, enables driving of the first motor 29 to generate electricity 
therefrom. Also, when driving only the second motor, so as to generate 
electricity therefrom, it is preferable to turn both the hub sleeves 3 and 9 into 
the neutral condition, thereby cutting off the first motor so as to reduce the fiiel 
consumption of the engine 1. Further, the alternator mode mentioned above can 
be achieved also, in the similar manner, in a case where the hub sleeve 14 is 
connected to the gear 37 or 41 directly, and where the transmission ratio of the 
gear-type transmission 100 is set at the 4th speed or the 6th speed, thereby 
traveling with the driving force of the engine 1. In this manner, in the 
alternator mode mentioned above, since the first motor 29 and the second motor 
30 can be driven simultaneously, as shown by the dotted line in the figure, it is 
possible to select one to be better in the efficiency of electric power generation, 
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depending upon the drive range of the first motor 29 and the second motor 30 
(i.e., the range determined by the motor rotating speed and the motor torque). 
[0031] 

The charge while stopping mode in Fig. 7 is a mode where at least one of 
the first motor 29 and the second motor 30 is driven to generate electricity 
therefirom by the engine 1, under the condition that a car is stopping. Also, the 
series mode is a mode where the other motor is driven by an output generated 
by either one of the first motor 29 or the second motor 80, thereby traveling. 
First, explanation will be made on the charge while stopping mode mentioned 
above. In this case, the first fidctireleased while the second fidctiicti this case, on 
clutch is closed, and both the hub sleeve 6 and the hub sleeve 14 are in the 
neutral condition. In this instance, the torque transmission route of the engine 
1 is as indicated by the soHd Une in the figure: i.e., the engine output shaft 19 
the gear 20 the gear 22 -» the second fidction clutch 26 the second 
input shaft 24 -> the second motor 30, and therefore since the torque 
transmission to the output shaft 27 is cut off, it is possible to drive the second 
motor 30 to generate electricity therefirom, under the condition that the car is 
stopped. Next, explanation will be made on the series mode. In this case, the 
first firiction clutch 25 is released while the second fiHlction clutch 26 closed. And, 
the hub sleeve 3 is connected to the gear 31 directly, while aU of the hub sleeves 
9, 6 and 14 are in the neutral condition. In this instance, the torque 
transmission route of the engine 1 is same to that under the charge while 
stopping mode mentioned above, therefore it is possible to drive the second 
motor 30 to generate electricity therefirom. It is also possible to drive the first 
motor 29 with the output generated by the second motor 30, to travel, wherein 
the torque transmission route of the first motor 29 in this instance is, as 
indicated by the dotted Une in the figure: i.e., the first input shaft 23 the 
gear 31 the gear 32 the output shaft 27. In this manner, when an 
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intention to start by the driver is detected through the operation of the 
acceleration pedal and/or the brake by the driver in the charge whUe stopping 
mode, the series mode is achieved, in which the first motor 29 is driven to travel 
while the second motor 30 is driven to generate electricity by the engine 1, 
thereby enabling immediate start with smoothness. Also, with closing the first 
friction clutch 25 while releasing the second Motion clutch 26, and connecting 
the hub sleeve 6 directly to the gear 33 while bringing all of the hub sleeves 3, 9 
and 14 in the neutral condition, it is possible to obtain the charge while 
stopping mode where the first motor 29 is driven to generate electricity under 
the condition that the car stops, and when detecting the intention of the driver 
to start, it is possible to obtain the series mode, in which the second motor 30 is 
driven to travel while the first motor 29 is driven to generate electricity 
therefix)m. Further, under such the charge while stopping mode, with closing 
biction clutch 25 and the second ond topping modefiriction clutch 26 while aU of 
the hub sleeves 3, 9, 6 and 14 in the neutral condition, it may also possible to 
drive the first motor 29 and the second motor 30, simultaneously, to generate 
electricity therefi-om, under the condition where the car is sttopping. 
[0032] 

The parallel mode in Fig. 8 is a mode where any one of the first motor 29 
or the second motor 30 is driven to assist the acceleration with an output 
discharging from the battery 49 during traveUng with the driving power of the 
engine 1, thereby improving the driving performance or drivability of the car. 
First, explanation will be made on a case where the car is traveHng with the 
driving power of the engine 1 while setting the transmission ratio of the gear- 
type transmission 100 at the 1st speed. The first fidction clutch 25 is closed 
while the second fiiction clutch 26 is released, and the hub sleeve 3 is directly 
connected to the gear 31 while the hub sleeve 9 is in the neutral condition. In 
this instance, the torque transmission route of the engine 1 is, as indicated by 



23 



the solid line in the figure: i.e., the engine output shaft 19 ^ the gear 20 
the gear 21 -» the first firiction clutch 25 ^ the first input shaft 23 ^ the hub 
sleeve 3 -* the gear 31 the gear 32 the output shaft 27. Under this 
condition, in a case where the target drive shaft torque TTqOut comes to be 
large due to depression of the acceleration pedal by the driver, since there 
occurs a response delay a Uttle bit on the torque of the engine 1, therefore it is 
preferable to provide an acceleration assist by means of the driving power of a 
motor having a relatively smaU response delay. In a case where the first motor 
29 is driven by the output discharging firom the battery 49, the torque 
transmission route of the first motor 29 is, as indicated by the dotted Une in the 
figure: i.e., the first input shaft 23 -» the hub sleeve 3 the gear 31 -» the 
gear 32 the output shaft 27, and therefore it is possible to obtain the 
acceleration assist. Also, by connecting the hub sleeve 6 to the gear 33 directly, 
or connecting the hub sleeve 14 to the gear 37 or 41 directly, it is possible to 
drive the second motor 30, so as to achieve the acceleration assist. In a case 
where the hub sleeve 6 is directly connected to the gear 33, the torque 
transmission route of the second motor 30 is, as indicated by the one-dotted 
chain hne in the figure: i.e., the second input shaft 24 -* the hub sleeve 6 ^ 
the gear 33 the gear 34 the output shaft 27. Further, the paraUel mode 
mentioned above can be achieved also in the case where the car is running with 
the driving power of the engine 1, wherein the hub sleeve 3 is in the neutral 
condition while the hub sleeve 9 is directly connected to the gear 35 or 39, so as 
to set the transmission ratio at the 3rd speed or the 5th speed, thereby traveling 
with the driving power of the engine 1. And also, when achieving the 
acceleration assist by means of only the first motor 29, it is preferable to reduce 
the fuel consumption of the engine and the electric power consumption of the 
battery by setting both the hub sleeves 6 and 14 in the neutral condition. 
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thereby cutting off the second motor 30. Next, explanation will be made on the 
case (not shown in the figure) where the transmission ratio of the gear-type 
transmission 100 is set at the 2nd speed, thereby travehng with the driving 
power of the engine 1. The first fidction clutch 25 is released while the second 
fiiction clutch 26 is closed, and the hub sleeve 6 is directly connected to the gear 
33 while the hub sleeve 14 is in the neutral condition. In this instance, the 
torque transmission route of the engine 1 is: i.e., the engine output shaft 19 
the gear 20 -> the gear 22 the second friction clutch 26 the second input 
shaft 24 the hub sleeve 6 ^ the gear 33 ^ the gear 34 ^ the output shaft 
27. Under this condition, in a case where the target drive shaft torque TTqOut 
comes to be large due to depression of the acceleration pedal by the driver, since 
there occurs a response delay a Uttle bit on the torque of the engine 1, therefore 
it is preferable to provide an acceleration assist by means of the driving power 
of a motor having a relatively smaU response delay. In a case where the second 
motor 30 is driven by the output discharged by the battery 49, the torque 
transmission route of the first motor 29 is: i.e., the second input shaft 24 the 
hub sleeve 6 the gear 33 the gear 34 -> the output shaft 27, and 
therefore it is possible to obtain the acceleration assist. Also, with connecting 
the hub sleeve 3 to the gear 31 directly, or connecting the hub sleeve 9 to the 
gear 35 or 39 directly, it is possible to drive the first motor 29, so as to achieve 
the acceleration assist. In a case where the hub sleeve 3 is directly connected to 
the gear 31, the torque transmission route of the first motor 29 is: i.e., the first 
input shaft 23 -» the hub sleeve 3 -> the gear 31 the gear 32 -* the 
output shaft 27. Further, the parallel mode mentioned above can be achieved 
also in the case where the car is running with the driving power of the engine 1, 
wherein the hub sleeve 6 is in the neutral condition while the hub sleeve 14 is 
directly connected with the gear 37 or 41, so as to set the transmission ratio at 
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the 4th speed or the 6th speed. And also, when achieving the acceleration assist 
by means of only the second motor 30, it is preferable to reduce the fuel 
consumption of the engine and the electric power consumption of the battery, by 
bringing both the hub sleeves 3 and 9 in the neutral condition, thereby to cut off 
the first motor 29. 
[0033] 

The series/parallel common mode in Fig. 9 is a mode where any one of the 
first motor 29 and the second motor 30 is driven by a part of the motive power of 
the engine 1, during traveling with the driving power of the engine 1, thereby 
achieving the acceleration assist through the driving power of the other motor 
with an output of power generation obtained therefirom. First, explanation will 
be made on a case where the car is running with the driving power of the engine 
1 while setting the transmission ratio of the gear-type transmission 100 at the 
1st speed. Both the first friction clutch 25 and the second firiction clutch 26 are 
closed, and the hub sleeve 3 is directly connected to the gear 31 while the hub 
sleeve 9 is in the neutral condition. In this instance, the torque transmission 
route of the engine 1 is, as indicated by the soHd line in the figure: i.e., the 
engine output shaft 19 the gear 20 the gear 21 -> the first firiction 
clutch 25 the first input shaft 23 the hub sleeve 3 the gear 31 the 
gear 32 -» the output shaft 27. Further, when driving the second motor 30 to 
generate electricity therefirom, a part of the motive power of the engine 1 
transferred onto the gear 20 is transmitted on the route, as shown by the one- 
dotted chain line in the figure: i.e., the gear 22 -> the second firiction clutch 26 

the second input shaft 24 the second motor 30, and therefore it is 
possible to drive the first motor 29 with using an output of electric power the 
second motor 30, thereby toy to an output o achieve the acceleration assist. In 
this instance, the torque transmission route of the first motor 29 is: i.e., the first 
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input shaft 23 -» the hub sleeve 3 the gear 31 the gear 32 the 
output shaft 27. Further, the series/parallel mode mentioned previously can be 
achieved also in the case where the hub sleeve 3 is in the neutral condition 
while the hub sleeve 9 is connected to the gear 35 or 39 directly, so as to set the 
transmission ratio of the gear-type transmission 100 at the 3rd speed or the 5th 
speed, thereby traveling with the driving power of the engine 1. Next, 
explanation will be made on the case (not shown in the figure) where the 
transmission ratio of the gear-tjrpe transmission 100 is set at the 2nd speed, 
thereby traveling with the driving power of the engine 1. Both the first firiction 
clutch 25 and the second fiiction clutch 26 are closed, and the hub sleeve 6 is 
directly connected with the gear 33 while the hub sleeve 14 is in the neutral 
condition. Also, both the hub sleeve 3 and the hub sleeve 9 are brought in the 
neutral condition. In this instance, the torque transmission route of the engine 
1 is: i.e., the engine output shaft 19 ^ the gear 20 ^ the gear 22 -* the 
second firiction clutch 26 the second input shaft 24 the hub sleeve 6 
the gear 33 the gear 34 the output shaft 27. Further, when driving the 
second motor 30 to generate electricity therefirom, a portion of the motive power 
of the engine 1, which is transferred up to the gear 20, is transmitted on the 
route: i.e., the gear 21 ^ the first fiiction clutch 25 the first input shaft 23 

the first motor 29, and therefore it is possible to drive the second motor 30 
with using the output of electric power generom the first mototic powor 29, 
thereby to achieve the acceleration assist. In this instance, the torque 
transmission route of the second motor 30 is: i.e., the second input shaft 24 -» 
the hub sleeve 6 the gear 33 the gear 34 -» the output shaft 27. Further, 
the series/parallel mode mentioned above can be achieved also in the case 
where the hub sleeve 6 is brought in the neutral condition while the hub sleeve 
14 is connected to the gear 35 or 39 directly, so as to set the transmission ratio 
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of the gear-type transmission 100 at the 4th speed or the 6th speed, thereby 
traveUng with the driving power of the engine 1. 
[0034] 

Fig. 10 shows a method for accomplishing the series/parallel common 
mode mentioned above, which is different in operation principle from that 
shown in the Fig. 9. First, explanation will be made on a case where the car is 
running with the driving power of the engine 1, wherein the transmission ratio 
of the gear-type transmission 100 is set at the 1st speed. The first friction clutch 
25 is closed while the second friction clutch 26 is released, and the hub sleeve 3 
is directly connected to the gear 31 while the hub sleeve 9 is in the neutral 
condition. In this instance, the torque transmission route of the engine 1 is, as 
shown by the soUd Une in the figure: i.e., the engine output shaft 19 -* the gear 
20 -* the gear 21 the first fiiction clutch 25 the first input shaft 23-» 
the hub sleeve 3 ^ the gear 31 the gear 32 the output shaft 27. Further, 
when driving the second motor 30 to generate electricity therefrom, a portion of 
the motive power of the engine 1 transferred onto the output shaft 27 is 
transmitted on the route, as shown by the one-dotted chain line in the figure: 
i.e., the gear 34 -* the gear 33 the second input shaft 24 the second 
motor 30, and therefore it is possible to drive the first motor 29, so as to achieve 
the acceleration assist, with using the output of electric power generation from 
the second motor 30. In this instance, the torque transmission route of the first 
motor 29 is: i.e., the first input shaft 23 the hub sleeve 3 -> the gear 31 
the gear 32 the output shaft 27. Further, the series/parallel mode 
mentioned above can be achieved also in the case where the hub sleeve 3 is in 
the neutral condition wMle the hub sleeve 9 is directly connected to the gear 35 
or 39, so as to set the transmission ratio of the gear-type transmission 100 at 
the 3rd speed or the 5th speed, and it may be also possible to drive the second 
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motor 30, so as to generate electricity therefrom, by bringing the hub sleeve 6 in 
the neutral condition while connecting the hub sleeve 14 to the gear 37 or 41 
directly. Next, explanation will be made on a case (not shown in the figme) 
where the transmission ratio of the gear-type transmission 100 is set at the 2nd 
speed, thereby running or traveling the car with the driving power of the engine 
1. The first friction clutch 25 is released while the second friction clutch 26 is 
closed, and the hub sleeve 3 is directly connected to the gear 31 while the hub 
sleeve 9 is in the neutral condition. Also, the hub sleeve 6 is directly connected 
to the gear 33, while the hub sleeve 14 is in the neutral condition. In this 
instance, the torque transmission route of the engine 1 is: i.e., the engine output 
shaft 19 the gear 20 -» the gear 22 -» the second friction clutch 26 the 
second input shaft 24 the hub sleeve 6 the gear 33 -> the gear 34 
the output shaft 27. Further, when driving the second motor 30 to generate 
electricity therefrom, a portion of the motive power of the engine 1 transferred 
onto the output shaft 27 is transmitted on the route: i.e., the gear 32 the 
gear 31 the first input shaft 23 -» the first motor 29, and therefore it is 
possible to drive the second motor 30 with using an output of electric power 
generation from the first motor 29, thereby to achieve the acceleration assist. In 
this instance, the torque transmission route of the second motor 30 is: i. e., 
second input shaft 24 ^ the hub sleeve 6^ the gear 33 the gear 34 the 
output shaft 27. Further, the series/paraUel mode mentioned above can be 
achieved also in the case where the hub sleeve 6 is brought in the neutral 
condition while the hub sleeve 14 is directly connected to the gear 37 or 41, so as 
to set the transmission ratio of the gear-type transmission 100 at the 4th speed 
or the 6th speed, and it may be also possible to drive the first motor 29, so as to 
generate electricity therefrom, by bringing the hub sleeve 6 in the neutral 
condition while connecting the hub sleeve 14 to the gear 37 or 41 directly. 
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[0035] 

Next, the operation principle will be explained about the system shown in 
the Fig. 1, when shifting the gears, by referring to Fig. 11. As an example, 
explanation will be made on a case where the transmission is shifted from the 
1st speed to the 2nd speed during the traveling with the driving power of the 
engine 1. As was mentioned previously, when setting the transmission ratio of 
the gear-type transmission 100 at the 1st speed, the first friction clutch 25 is 
closed while the second friction clutch 26 is released, and the hub sleeve 3 is 
directly connected to the gear 31 while the hub sleeve 9 is in the neutral 
condition. Also, for performing gear-shifting from the 1st speed to the 2nd speed, 
immediately, the hub sleeve 6 is directly connected to the bear 33 while keeping 
the hub sleeve 14 in the neutral condition. The torque transmission route of the 
engine 1 under the condition of the 1st speed is, as shown by an arrow of dotted 
Une in the figure: i.e., the engine output shaft 19-^ the gear 20 -* the gear 21 

the first fiiction clutch 25-^ the first input shaft 23^ the hub sleeve 3 -» 
the gear 31 -> the gear 32 the output shaft 27. The gear-shift from the 1st 
speed to the 2nd speed is completed by closing the second firiction clutch 26, 
gradually, while releasing the first friction clutch 25 gradually, so as to 
exchange the torque transmission route of the engine 1. The torque 
transmission route of the engine under the condition of the 2nd speed is, as is 
shown by an arrow of soHd fine: i.e., the engine output shaft 19-* the gear 20 
-* the gear 22 the second fidction clutch 26 -* the second input shaft 24 

the hub sleeve 6 the gear 33 the gear 34 the output shaft 27. The 
transmission or gear-shift method for exchanging the first friction clutch 25 to 
the second friction clutch 26, in this manner, is generally caUed clutch-to-clutch 
gearshift or transmission and has a merit that the drive shaft torque will not be 
cut off during the transmission, and therefore it is widely appHed, as a 
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transmission method for AT (Automatic Transmission) eqxiipped with a torque 
converter of the conventional art. However, in the clutch-to-clutch transmission 
mentioned above, changes occurs in torque, such as drawn (pull-in) and/or 
thrust (push-up) of the torque on the drive shaft, when changing from the first 
friction clutch 25 to the second friction clutch 26, and therefore there is a 
problem that the transmission performance is deteriorated so that passenger(s) 
including the driver on the car feel(s) torque shock. According to the present 
invention, with using the first motor 29 connected to the first input shaft 23 and 
the second motor 30 connected to the second input shaft 24, the torque changes 
are suppressed when the clutches are exchanged. As an example, explanation 
will be made on the route of the torque transmission of the motor 30 mentioned 
above, when the clutches are exchanged. The torque transmission route of the 
motor 30 is, as shown by the one-dotted chain fine in the figure: i.e., the second 
input shaft 24 ^ the hub sleeve 6 the gear 33 -> the gear 34-» the shaft 
27, and therefore it is possible to compensate the drive shaft torque (equal to 
the torque on the output shaft 27). 
[0036] 

Fig. 12 is a time chart for showing a control method when conducting the 
gear-shift from the 1st speed to the 2nd speed. This Fig. 12 shows the time on 
the horizontal axis, while on the veridical axis thereof, the gear-shift command 
Ss, the depression amount a of the acceleration pedal, the depression force $ 
of the brake pedal, the engine torque Te, the engine rotating speed Ne, the 
vehicle speed Vsp, the first firiction clutch Tel, the second friction clutch Tc2, 
the first motor torque Tml, the second motor torque Tm2, and the output shaft 
torque To, respectively. Also, the rotating speed Nil of the first input shaft is 
indicated by the broken line while the rotating speed Ni2 of the second input 
shaft by the one-dotted chain line, in addition to the chart of the engine rotating 
speed Ne, while the second motor torque Tm2 and the output torque To are 
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indicated by the solid lines when the control is conducted by the motor, or by 
the broken lines otherwise, and thus control by the motor is not conducted 
(without the control). Running condition is in a case where the gear-shift 
command Ss is changed during when the car is running at a constant 
acceleration pedal depression amount a . After the change (at a point a) of the 
gear-shift command Ss, when pressing force on the second friction clutch 26 is 
increased, also the second clutch torque Tc2 increases up gradually, and 
therefore the torque of the engine 1 is transmitted to the second input shaft 24, 
gradually. Between the point a and the point b in the figure, if it is assimied 
that the first fiiction clutch is in the closed condition, the torque transmitted 
through the first fiiction clutch 25 to the first input shaft 23 comes to Te-Tc2, 
and therefore the output shaft torque To_a between points a and b can be 
expressed by the following equation (1): 
[0037] 

To_a=GlX(Te-Tc2)+G2XTc2 (1) 
where, Gl indicates the transmission ratio at the 1st speed, and G2 the 
transmission ratio at the 2nd speed. At the point b, the second firiction clutch 
torque Tc2 reaches up to a predetermined value, and then the first fiiction 
clutch 25 is released, and therefore the first firiction clutch torque Tel comes to 
zero (0). For simplification of explanation, the first fiiction clutch torque Tel is 
lowered down in a step-like manner herein, when the first friction clutch 25 is 
released, but the first friction clutch torque Tel may be lowered gradually, from 
the point a. When the first friction clutch 25 is released, the torque of the 
engited by means of only the second ond ased, the tofiiction clutch 26, and then 
the engine rotating speed Ne decreases from the rotating speed nil of the first 
input shaft down to the rotating speed Ni2 of the second input shaft, gradually. 
In this instance, since the engine rotating speed Ne changes, and the second 
friction clutch torque Te2 between the points b and c is indicated by the 
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following equation (2). 
10038] 

Tc2=Te-Ie X (dNe/dt) (2) 
From the equation (2), the output shaft torque To_b can be expressed by 
the following equation (3): 
[0039] 

To_b=G2 X Tc2=G2 X {Te-Ie X (dNe/dt)} (3) 
where, le indicates the inertia on the engine side. During the gear-sift, as 
shown by the dotted line in the figure, the second term of the equation (3), i.e., 
the inertia torque on the engine side appears in the form of the torque changes 
on the output shaft. Then, during the gear-shift, the second motor 30 is 
controlled, so as to suppress down the torque changes mentioned above. The 
second motor torque Tm2 during the gear-shift is determined according to the 
following equation (4). 

[0040] 

Tm2=IeX (dNe/dt) (4) 
When executing the control by means of the second motor 30, the output 
put shaft torque To during the gear-shift can be expressed by the following 
equation (5), as is shown by the solid Une in the figure. 

[0041] 

To=G2XTc2+G2XTm2=G2XTe (5) 
At the point c of the figvire, the engine rotating speed Ne is in synchronism 
with the second input shaft rotating speed Ni2, and the second clutch 26 is 
closed completely, thereby completing the gear-shift. The output shaft torque 
To_c after completion of the gear-shift can be expressed by the following 
equation (6). 

[0042] 
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To_c=G2XTe ^"^^ 
As is apparent from the equations (5) and (6), the control of the second 
motor during the gear-shift enables the suppression of the thrust (or push-up) 
on the output shaft torque due to the inertia torque during the gear-shift, 
thereby achieving a smooth gear-shift or transmission performance. Further, 
the transmission method mentioned above can be also achieved by use of the 
first motor 29 mentioned above, in the similar manner, and it is applicable to all 
of the gear shifting patterns of carrying out the clutch-to-clutch gearshift. 

[0043] 

Fig. 13 is a time chart for showing another control method, in particular, 
in a case of shifting from the 1st speed to the 2nd speed. The vertical axis and 
the horizontal axis are the same as those of the time chart shown in the Fig. 12. 
After changing the gear-shift command Ss is changed (at the point a), when 
increasing the force pressing upon the second friction clutch 26, the output 
shaft torque To_a between the points a and b can be expressed by the equation 
(1), in the same manner as explained in the Fig. 12. And, the output shaft 
torque at the point a is Gl X Te, and therefore an amount of drawn (or puU-in), 
i.e., A To_a of the output shaft torque between the points "a" and "b" can be 
expressed by the following equation (7). 
[0044] 

ATo_a=GlXTe-To_a=(Gl-G2)XTc2 (7) 
For the purpose of reducing the To_a mentioned above, it is necessary to 
control the second motor 30, so as to compensate or adjust the torque on the 
output shaft 27. From the above equation (7), the second motor torque Tm2 for 
reducing the To_a can be expressed by the following equation (8) because it is 
transmitted through the 2nd speed gear train (i.e., the gears 33 and 34). 
[0045] 
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Tm2=ATo_a/G2=(Gl-G2)XTc2/G2 (8) 
The output shaft torque To during the gear-shift, when executing the 
control by means of the second motor 30, can be expressed by the following 
equation (9), as shown by the solid line in the figure. 

[0046] 

To=G2XTc2+G2XTm2=GlxTe (9) 
As is apparent from the equation (9), controlling of the second motor 30 
enables reduction of the drawn (or pull-in) on the output shaft torque between 
the points a and b. Between the points b and c, the output shaft torque To_b can 
be expressed by the above equation (3), in the same manner as explained in the 
Fig. 12. Also, the output shaft torque at the point b is Gl XTe, and therefore an 
amount of drawn (or pull-in) of the output shaft torque, i.e., A To_b can be 
expressed by the following equation (10). 

[0047] 

A To_b=Gl X Te-To_b=(Gl-G2) X Te+G2 X le X (dNe/dt) (10) 
For the purpose of reducing the A To_b mentioned above, between the 
points b and c, it is necessary to compensate the torque on the output shaft 27 
by controUing the second motor 30. From the above equation (10), the second 
motor torque Tm2 for reducing the A To_b mentioned above can be expressed 
by the following equation (11) because it is transmitted through the 2nd speed 
gear train (i.e., the gears 33 and 34). 
[0048] 

Tm2= A To_a/G2=(Gl-G2) X Te/G2+Ie X (dNe/dt) (11) 
The output shaft torque To dvuring the gear-shift, when executing the 
control by means of the second motor 30, can be expressed by the following 
equation (12), as shown by the solid line in the figure. 

[0049] 
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To=G2XTc2+G2XTm2=GlxTe (12) 
As is apparent from the equation (12), controlling of the second motor 30 
enables reduction of the drawn (or pull-in) on the output shaft torque between 
the points b and c. In this manner, controlling of the second motor in an initial 
period of the gear-shift, as well as, during the gear-shift, enables the 
suppression of the drawn (or pull-in) of the output shaft torque due to the 
clutch-to-clutch gearshift or transmission, thereby achieving the smooth 
transmission performance. Further, the transmission method mentioned above 
can be also realized by using the first motor 29 mentioned above, and it is 
applicable to all the transmission patterns of performing that clutch-to-clutch 
transmission. 

[0050] 

Fig. 14 is a time chart for showing a method for performing preparation 
for transmission, in particular, in a case of the gearshift from the 2nd speed to 
the 3rd speed. This Fig. 14 shows the time on the horizontal axis, while on the 
veridical axis thereof, the gear-shift command Ss, the first input shaft dog 
clutch position DPOSl, the first input shaft rotating speed Nil, the vehicle 
speed Vsp, the first Section clutch torque Tel, the second firiction clutch torque 
Tc2, the first motor torque Tml, the second motor torque Tm2, and the output 
shaft torque To, respectively. Also, the engine rotating speed Ne is indicated by 
the broken line while the second input shaft rotating speed Ni2 by the one- 
dotted chain line, in addition to the chart of the first input shaft rotating speed 
Nil, and regarding the first motor torque Tml and the first input shaft rotating 
speed Nil, and they are depicted by the solid lines when conducting the control 
by means of the motor(s) while by the dotted fines when not (i.e., without the 
control). The acceleration pedal depression amount a and the brake pedal 
depression force j3 are the same as those shown in those Figs. 12 and 13. 
When the shift command Ss is changed (at the point a), the hub sleeve 3 must 
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be connected to the gear 31, and when the hub sleeve 9 is in the neutral position, 
the hub sleeve 3 must be released from the gear 31 to be in the neutral position 
(at the point b) while the hub sleeve 9 is directly connected to the gear 35 (at the 
point c), so as to set the dog clutch position DCPOSl of the first input shaft 23 
at the 3rd speed, thereby preparing for the clutch-to-clutch transmission. 
However, when the hub sleeve 9 is directly connected to the gear 35, since the 
first input shaft rotating speed Nil changes, abruptly, due to the synchronizer 
10 (between the points c and d), there occurs a problem that the above- 
mentioned synchronizer 10 is worn down remarkably. Therefore, according to 
the present invention, the rotating speed Nil of the first input shaft 23 is 
controlled by means of the first motor 29 mentioned above, thereby preventing 
the wear-out of the synchronizer 10, when the hub sleeve 9 is connected to the 
gear 35 directly. When the hub sleeve 3 is released fi:om the gear 31 at the point 
b in the figure, the first motor 29 is controlled so that the rotating speed of the 
first input shaft 23 goes down. In this instance, the first motor torque Tml is 
determined by the following equation (13): 
[0051] 

Tml=ail+Iml)X(ANil/At) (13) 
where, lil indicates the inertia of the first input shaft 23, Iml the inertia 
of the firs29, DNil the chahaia of nge of the first input shaft revolution number 
Ni, and At the time for controlling the first input shaft revolution number Ni, 
respectively. At the point c in the figure, when the first input shaft rotating 
speed Ni reaches a predetermined value, the hub sleeve 9 is directly connected 
to the gear 35 (at the point ffllD), and then the preparation for transmission 
when shifting gears from the 2nd speed to the 3rd speed is completed. Also, it is 
preferable to determine the target value for the rotating speed control of the 
first input shaft 23, as shown by the following equation (14): 

[00521 
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Nil_re^NoXG3 ^^^^ 
where, No indicates the rotating speed of the output shaft 27, and G3 the 
transmission ratio at the 3rd speed. By determining it to be as indicated by the 
equation (14), it is possible to suppress the change of the first input shaft 
rotating speed Nil, when the hub sleeve 9 is connected to the gear 35 directly, 
thereby reducing the wear-out of the synchronizer 10. Furthermore, the 
preparation for transmission mentioned above can be also achieved in the 
similar manner, by using the second motor when closing the hub sleeves 6 and 
14 provided on the second input shaft 24, and it is also applicable to all of the 
transmission patterns, which necessitates the preparation for transmission. 

[0053] 

Next, in the system shown in the Fig. 1, the operation principle when 
shifting the gears is explained, in particular, in the case where no the clutch- 
to-clutch transmission is conducted, by referring to Fig. 15. As an example, 
explanation wiU be made on the case of making the gearshift from the 3rd speed 
to the 5th speed during the traveling with the driving power of the engine 1. As 
was mentioned previously, when setting the transmission ratio of the gear-type 
transmission 100 to the 3rd speed, the first 25 is closed while the second fiid f to 
the 3rd riction clutch 26 is released, and the hub sleeve 9 is directly connected 
to the gear 35, thereby to bring the hub sleeve 3 in the neutral condition. The 
torque transmission route of the engine 1 under the 3rd speed condition is, as 
shown by an arrow of solid line: i.e., the engine output shaft 19 the gear 20 
-» the gear 21 -» the first firiction clutch 25 -» the first input shaft 23 -» the 
hub sleeve 9 the gear 35-» the gear 36 the output shaft 27. The 
gearshift fi-om the 3rd speed to the 5th speed is conducted by releasing the first 
friction clutch 25, and after the first Mction clutch 25 is released, by releasing 
the hub sleeve 9 fi-om the gear 35, so as to connect it to the gear 39 directly. 
After the hub sleeve 9 is connected to the gear 35 directly, the first fiiction 
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clutch 25 is closed, thereby completing the gearshift. The torque transmission 
route of the engine 1 under the 5th speed condition is, as shown by an arrow of 
soUd line: i.e., the engine outpu gear 20 the gear 21 -> the first Mction 
clutch 25 the first input shaft 23 -» the hub sleeve 9 -* the gear 39 the 
gear 40 -» the output shaft 27. In this manner, while the first fidction clutch 25 
is released, the hub sleeve 9 is changed from the one gear train (i.e., the gears 
35 and 36) to the other gear train (i.e., the gears 39 and 40), and the 
transmission method is the same as that of the conventional MT (Manual 
Transmission) or an automatic MT (automatic Manual Transmission). However, 
the first input shaft rotating speed Nil is changed abruptly, when the hub 
sleeve 9 is connected to the gear 39 directly, and therefore in the same manner 
in the case explained in the Fig. 14, there is the problem that the synchronizer 
10 is worn down remarkably. Then, according to the present invention, the 
rotating speed Nil of the first input shaft 23 is controlled by means of the first 
motor 29, thereby preventing the wear-out of the synchronizer 10, when the hub 
sleeve 10 is connected to the gear 39 directly. Fig. 16 is a time chart for showing 
the control method in a case when shifting the gears firom the 3rd speed to the 
5th speed. This Fig. 16 shows the time on the horizontal axis, while on the 
veridical axis thereof, the gear-shift command Ss, the acceleration pedal 
depression amount a , the fiirst input shaft dog clutch position DPOSl, the 
engine torque Te, the first input shaft rotating speed Nil, the vehicle speed Vsp, 
the first fi-iction clutch torque Tel, the second friction clutch torque Tc2, the 
first motor torque Tml, the second motor torque Tm2, and the output shaft 
torque To, respectively. Also, the engine rotating speed Ne is indicated by the 
broken line while the second input shaft rotating speed Ni2 by the one-dotted chain Une, in 
addition to the chart of the first input shaft rotating speed Nil, and regarding the first 
motor torque Tml and the first input shaft rotating speed Nil, they are depicted by the 
soUd Unes when conducting the control by means of the motor while by the dotted lines 
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when not (i.e., without the control). At the pint a in the figure, when the acceleration pedal 
depression amount □ is lowered, and when the target drive shaft torque TTqOut is lowered, 
the gear-shift command Ss is changed, so that the transmission control from the 3rd speed 
to the 5th speed begins, and therefore, the first fi-iction clutch torque Tel and the engine 
torque Te go down, gradually. At the point c in the figure, when the first friction clutch 25 is 
released if the first friction clutch torque Tel comes down to zero (0), the hub sleeve 9 
begins to be released from the gear 35. At the point c in the figure, when the dog clutch 
position DCPOSl of the first input shaft 23 is in the neutral position if the hub sleeve 9 is 
released, completely, the first input shaft rotating speed Nil begins to go down, as shown by 
the dotted line in the figure. In this instance, since the first input shaft is almost in the 
condition of no load, the first input shaft rotating speed Nil goes down slowly. Thereafter, 
at the point d in the figure, when the hub sleeve 9 begins to be connected to the gear 39, the 
first input shaft rotating speed Nil changes due to the synchronizer 12, and at the point e 
in the figure, the hub sleeve 9 is directly connected to the gear 39, completely. After the hub 
sleeve 9 is directly connected to the gear 39, the first friction clutch 25 is closed gradually, 
and the transmission control is completed at the point fin the figure. However, in the 
similar manner as explained in the above Fig. 14, when the hub sleeve 9 is connected to the 
gear 39 directly, the first input shaft rotating speed Nil is changed abruptly, due to the 
synchronizer 12, and therefore there occurs the problem that the synchronizer 12 is worn 
down remarkably. Therefore, between the points c and d in the figure, the rotating speed of 
the first input shaft 23 is controlled by means of the first motor 29. In this instance, the 
first motor torque Tml is determined by the following equation (15): 
[0054] 

Tml=(Iil+Iml)x(DNil/Dt (15) 

where lil indicates the inertia of the first input shaft 23, Iml the inertia of the first 
motor 29, DNil the change in the first input shaft rotating speed Ni, and Dt the time when 
the first input shaft rotating speed Nil is controlled, respectively. At the point d in the 
figure, when the first input shaft rotating speed Nil reaches a predetermined value, the 
hub sleeve 9 begins to be connected to the gear 39, and at the point e in the figure, it is 
directly connected thereto, completely. Also, it is preferable to determine the target value of 
the rotating speed control of the first input shaft 23, at the value indicted by the following 
equation (16): 
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[00551 

Nil_ref=NoxG5 (16) 
where, No indicates the rotating speed of the output shaft 27, and G5 the 
transmission ratio at the 5th speed. Determination by the equation (16) mentioned above 
allows to suppress the change in the first input shaft rotating speed Nil when the hub 
sleeve 9 is directly connected to the gear 39, thereby enabUng reduction of the wear-out of 
the synchronizer 12. Further, the rotating speed control mentioned above can be also 
achieved by using the second motor, in the similar manner, even in the case where the gear 
train on the second input shaft 24 is changed by the hub sleeves 6 and 14, and it is also 
appUcable to all of the transmission patterns without the clutch-to-clutch control. 

[00561 

Fig. 17 is a time chart for showing another control method, in particular, when 
shifting gears from the 3rd speed to the 5th speed. The vertical axis and the horizontal axis 
are the same as those on the time chart shown in the Fig. 16, and the running condition 
is also the same as that shown in the Fig. 16. After the shift command Ss is 
changed (at the point a), when the pushing force on the first Mction clutch 25 is 
decreased down, the output shaft torque To_a between the points a and b can be 
expressed by the following equation (17), as shown by the dotted line in the 
figure. 
[0057] 

To_a'=G3XTcl (1*^) 
Assuming that Te is the engine torque after the gearshift, which is 
estimated firom the target drive shaft torque "TTqOut", the output torque after 
the gearshift "To_f " is as the following equation (18). 
[0058] 

To_f=G5XTe' (1^) 
Accordingly, the torque Tm2 of the second motor between the points a and 
b is determined to be as indicated by the following equations (19) and (20). 
(i) when G3 X Tel > G5 X Te' : Tm2=0 (19) 
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(ii) when G3 X Tel < G5 X Te': 

Tm2=(To_a'-To_f )/G2=(G5 X Te'-G3 X Tcl)/G2 (20) 
Also, when the first clutch 25 is released, since the torque of the engine comes to 
not be transmitted to the output shaft 27 as shown by the dotted line in the 
figure, the torque Tm2 of the second motor 30 is determined to be indicated by 
the following equation (21) between the points b and e. 

[0059] 

Tm2=G5XTe7G2 (21) 
Further, between the points e and f where the released first clutch 25 is 
closed gradually, the torque of the output shaft 27 comes to the following 
equation (22), as shown by the dotted line in the fig\ire. 

[0060] 

To_e'=G5XTcl (22) 
Therefore, the torque of the second motor 30 is determined to be that 
indicated by the foUowing equation (23), thereby compensating or adjusting the 
torque reduction on the output shaft 27. 

[0061] 

Tm2=(To_f -To_e')/G2=G5 X (Te'-Tcl)/G2 (23) 
From those equations (17)-(23) mentioned above, the output shaft torque 
To, when conducting the control by means of the second motor 30, can be 
expressed ollowing equatioio be exns (24) and (25). 

(i) when G3 X Tel > G5 X Te' : To=G3 X Tel (24) 

(ii) when G3 X Tel < G5 X Te' : 
To=G3XTcl+G2XTm2=G5XTe' (25) 

As is apparent fi-om those equations (24) and (25), it is possible to lower 
the output shaft torque To gradually, between the points a and b, and to 
compensate or adjust the torque reduction on the output shaft 27, between the 
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points b and f. Also, since a plvirality of transmission stages are provided 
between the motor (i.e., the second motor 30) for use in the transmission control 
and the output shaft, the maximum torque can be made small, comparing to 
that described in Japanese Patent Laying-Open No. Hei 11-313404 (1999) 
mentioned previously, and therefore it is possible to reduce the sizes and to 
Ughten the weights of the motors, thereby enabling the reduction of the fiiel 
consumption. Further, the compensation control for torque reduction, due to the 
motor(s) mentioned above can be also achieved by using the first motor, in the 
similar manner, even when the gear train on the second input shaft 24 is 
changed by the hub sleeves 6 and 14, and it is appHcable to all the transmission 
patterns without the clutch-to-clutch control. 
[0062] 

Fig. 18 is a time chart for showing a control method, in particular, when 
shifting the gears from the 3rd speed to the 5th speed, but without releasing the 
first firiction clutch 25. The vertical axis and the horizontal axis are the same as 
those on the time chart shown in those Figs. 16 and 17, and the running 
condition is also the same as that shown in those Figs. 16 and 17. After the shift 
command Ss is changed (at the point a), in the same manner as shown in the 
Fig. 17, the engine torque Te is reduced down, temporally, for performing the 
gearshift by changing the hub sleeve 9 firom the gear 35 to the gear 39. This is 
because, when the torque is generated onto the hub sleeve 9, it is difficiilt to 
release the hub sleeve 9 from the gear 35. Also, when the hub sleeve 9 is 
released fi-om the gear 35, the first motor torque Tml is reduced, and in the 
similar manner shown in the Fig. 16, the rotating speed of the first input shaft 
23 is controlled, thereby to perform the gearshift to the gear 39. In the gearshift 
mentioned above, as shown by the dotted line in the figure, since the torque 
transmission fi-om the engine 1 to the output shaft 27 is interrupted or cut off, 
the torque of the second motor rises up as shown by the solid fine in the figure. 
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thereby compensating the torque reduction on the output shaft 27. Since the 
frequency of the increase in the second motor torque is only during the gearshift, 
the influence upon the fuel efficiency or mileage is very small. Between the 
points a and b, by taking the time td3 when the hub sleeve 9 is released from 
the gear 35 into the consideration, a rise-up time tm2_u for the torque of the 
second motor 30 is determined by a function g as shown by the following 
equation (26), and the torque of the second motor 30 is increased up to the value 
indicated by the following equation (27): 
[0063] 

tm2_u=g(td3) (26) 
Tm2=G5XTe7G2 (27) 
where, "Te'" is the engine torque after the gearshift, which is estimated 
from the target drive shaft torque "TTqOut", and "G5" the transmission ratio at 
the 5th speed. Between the points b and c in the figure, the value of the second 
motor torque Tm2 indicated by the above equation (27) is maintained as it is, 
thereby compensating or adjusting the torque reduction on the output shaft 27 
during the gearshift. Between the points c and d in the figure, by taking the 
time td5 for the hub sleeve 9 to contact with the gear 39 into the consideration, 
the rise-up time tm2_d for the torque of the second motor 30 is determined by a 
function "h" as shown by the following equation (28), thereby reducing the 
torque of the second motor 30 down to zero (0). 
[0064] 

tm2_d=h(td5) (28) 
As was explained in the above, with controUing the second motor 30 
following those equations (26)-(28) mentioned above, during the gearshift, it is 
possible to compensate the torque reduction during the gearshift. Also, in the 
same manner as explained in the Fig. 17, since there are provided a plurality of 
the transmission stages between the motor for use in the transmission control 
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(i.e., the second motor 30) and the output shaft, the maximum torque of the 
motor can be made small, comparing to the case where the motor(s) is/are 
connected to the output shaft, thereby enabling the small-sizing and weight- 
lightening of the motors, as weU as, the reduction of the fuel efficiency or 
mileage. Further, the compensation control for torque reduction by means of 
the motors mentioned above can be also achieved by using the first motor, in 
the similar manner, even when changing the gear train on the second input 
shaft 24 by the hub sleeves 6 and 14, and it is applicable to all the transmission 
patterns without the clutch-to-clutch control. 
[0065] 

Fig. 19 shows the structure of an automobile system, according to another 
embodiment of the present invention. 
[0066] 

Onto the engine 1 are attached an electric control throttle 43 for 
controlling an amount of suction air and an engine rotating speed sensor 44 for 
measuring the engine rotating speed Ne. 
[00671 

Between the engine output shaft 19 and the first input shaft 23 of a gear- 
type transmission 100b is provided the first friction clutch 25, so as to transmit 
the motive power of the engine 1 to the first input shaft 23. In the similar 
manner, between the engine output shaft 19 and the second input shaft 24 of 
the gear-type transmission 100b is provide the second friction clutch 26, so as to 
transmit the motive power of the engine 1 to the second input shaft 24. Also, the 
first input shaft 23 has the cyUndrical structure, and the second input shaft 24 
has the structure that it passes through the hollow portion of the first input 
shaft 23 mentioned above, and therefore the first input shaft 23 is supported by 
the second input shaft so as to be freely ratatable. 
[0068] 
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To the first input shaft 23 are attached gears 1901, 31b, 35b and 39b in 
one body, in which the gear 1901 is also used as a detector of the first input 
shaft rotating speed Nil, and detection of the rotation of the gear 1901 by a 
sensor 45a enables the detection of the rotating speed of the first input shaft 23. 
Also, to the second input shaft 24 are attached gears 1904, 33bd 41b in one body, 
in which the gear 1904 is also used as a detector of the second input shaft 
rotating speed Ni2, and detection of the rotation of the gear 1904 by a sensor 
46a enables the detection of the rotating speed of the second input shaft 24. 
[0069] 

Onto a first motor output shaft 1903 is attached a gear 1902. The gear 
1902 is always meshed with the gear 1901 mentioned above, and then it is 
possible to transmit the torque of the first motor 29 to the first input shaft 23 
mentioned above. 
[0070] 

Onto a second motor output shaft 1906 is attached a gear 1905. The gear 
1905 is always meshed with the gear 1904 mentioned above, and then it is 
possible to transmit the torque of the second motor 30 to the second input shaft 
24 mentioned above. 
[0071] 

On the output shaft 27 are mounted: a gear 1922, a gear 32b equipped 
with a contact gear 1908 and a synchronizer 1909, a gear 36b equipped with a 
contact gear 1910 and a synchronizer 1911, a gear 40b equipped with a contact 
gear 1913 and a synchronizer 1914, a gear 34b equipped with a contact gear 
1915 and a synchronizer 1916, a gear 38b equipped with a contact gear 1918 
and a synchronizer 1919, a gear 42b equipped with a contact gear 1920 and a 
synchronizer 1921, a hub sleeve 1907 for directly connecting between the 
output shaft 27 and the gear 32b or the gear 36b, a hub sleeve 1912 for directly 
connecting between the output shaft 27 and the gear 40b or the gear 34b, and a 



46 



hub sleeve 1917 for directly connecting between the output shaft 27 and the 
gear 328b or the gear 42b, being freely rotatable to the output shaft 27. The 
gear 1922 is also used as a detector of the output shaft rotating speed No, and 
detection of the rotation of the gear 1922 by the sensor 47b enables the 
detection of the rotating speed of the output shaft 27. On the gears 32b, 36b, 
40b, 34b, 38b and 42b are provide with stoppers (not shown in the figure), for 
preventing them from moving in the axial diriBction of the output shaft 27. And, 
in the inside of the hub sleeves 1907, 1912 and 1917 are formed gutters (not 
shown in the figure) to be meshed with a pluraUty of gutters of the output shaft 
27, so that the hub sleeves 1907, 1912 and 1917 are engaged with the output 
shaft 27, being allowed to make a relative movement in the axial direction of 
the output shaft 27, but restricted from a movement in the rotational direction 
thereof. Accordingly, the torque transferred to the hub sleeves 1907, 1912 and 
1917 mentioned above can be transmitted to the output shaft 27. 
[0072] 

For transmitting the torque from the hub sleeve 32b or the gear 36b to the 
hub sleeve 1907, it is necessary to move the hub sleeve 1907 into the axial 
direction of the output shaft 27, thereby to contact the hub sleeve 1907 and the 
gear 32b or 36b directly, through the synchronizer 1909 and the contact gear 
1908, or through the synchronizer 1911 and the contact gear 1910. In the 
similar manner, for transmitting the torque from the gear 40b or 34b to the hub 
sleeve 1912, it is necessary to move the hub sleeve 1912 into the axial direction 
of the output shaft 27, thereby to connect the hub sleeve 1912 and the gear 40b 
or 34b directly, through the synchronizer 1914 and the contact gear 1913, or 
through the synchronizer 1916 and the contact gear 1915. And, also for 
transmitting the torque from the gear 38b or 42b to the hub sleeve 1917, it is 
necessary to move the hub sleeve 1917 into the axial direction of the output 
shaft 27, thereby to contact the hub sleeve 1917 and the gear 38b or 42b directly, 
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through the synchronizer 1919 and the contact gear 1918, or through the 
synchronizer 1921 and the contact gear 1920. 
[00731 

the output shafafODDDDnt 27 mentioned above is connected the differential 
apparatus 28, and the torque on the output shaft 27 is transmitted through the 
differential apparatus 28 and the vehicle driving shaft 2 to the wheels (or tires) 
48. 
[0074] 

In the embodiment of the present invention shown in Fig. 19, it is 
assumed that, the gear train made up from the gears 31b and 32b is the 1st 
speed, that from the gears 41b and 42b the 2nd speed, that from the gears 35b 
and 36b the 3rd speed, that from the gears 37b and 38b the 4th speed, that from 
the gears 39 and 40 the 5th speed, and that from the gears 33b and 34b the 6th 
speed, respectively, in the transmission steps. 
[00751 

With the hollow structure of one of those two (2) input shafts, in this 
manner, it is possible to make the transmission small in the sizes thereof. And 
also, the dog clutches can be reduced in the number thereof, therefore low cost 
can be achieved for the motive force transmission system. 
[00761 

Next, an example of an operation mode of the system shown in the Fig. 19 will 
be shown, by referring to Fig. 20. 
[00771 

In Fig. 20 is shown the torque transmission route under the motor 
running mode. In this case, the first friction clutch 25 is released while the hub 
sleeve 1907 is connected to the gear 32b directly, so as to set the transmission 
ratio of the gear-type transmission 100b at the 1st speed, thereby traveUng with 
the driving power of the engine 1. In this instance, the torque transmission 
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route of the first motor 29 is, as shown by the solid line in the figure: i.e., the 
first motor output shaft 1903 the gear 1902 ^ the gear 1901 -> the first 
input shaft 23 the gear 31b the gear 32b the hub sleeve 1907 -> the 
output shaft 27. However, it may be possible to set the transmission ratio of the 
gear-type transmission 100b at the 3rd speed or the 5th speed to travel, with 
connecting the hub sleeve 1907 to the gear 36b, or connecting the hub sleeve 
1912 to the gear 40b, directly. It is also possible to release the second friction 
clutch 26 while connecting the hub sleeve 1917 to the gear 42b directly, so as to 
set the transmission ratio of the gear-type transmission 100b at the 2nd speed, 
thereby traveling with the driving power of the second motor 30. In this 
instance, the torque transmission route of the second motor 30 is, as shown by 
the dotted line in the figure: i.e., the second motor output shaft 1906 the 
gear 1905 the gear 1904 the second input shaft 24 the gear 41b 
the gear 42b — > the hub sleeve 1917 ^ the output shaft 27. However, it may 
be possible to set the transmission ratio of the gear-type transmission 100b at 
the 4th speed or the 6th speed to travel, with connecting the hub sleeve 1917 to 
the gear 38b, or connecting the hub sleeve 1912 to the gear 34b, directly. 
Further, when the target drive shaft torque TTqOut is large, it is possible to 
travel with driving the first motor 29 and the second motor 30, simultaneously. 
In this instance, it is preferable to bring both the first fi-iction clutch 25 and the 
second friction clutch 26 into the released condition, so as to prevent 
interference in torque between the first motor 29 and the second motor 30. 
[0078] 

In the above, though the explanation was made on the motor running 
mode by referring to the Fig. 20, as an example of the operation principle of the 
system shown in the Fig. 19, the alternator mode, the charge while stopping 
mode, the series mode, the series/parallel common mode can be also achieved 
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with the system shown in the Fig. 19, and further can be also achieved the 
motor controls when shifting the gear and when preparing the gear shift, which 
was shown in the Figs. 11-18, in the similar manner, 
[0079] 

[EFFECT OF THE INVENTION] 

As was fully explained in the above, according to the present invention, 
with a power transmission apparatus for use in an automobile comprising (a) an 
engine; a gear- type transmission having (bl) a first input shaft to which motive 
power is transmitted from said engine through a first friction clutch, (b2) a 
second input shaft to which motive power is transmitted fi'om said engine 
through a second firiction clutch, (b3) a pluraUty of gear trains provided between 
said first input shaft and an output shaft and between said second input shaft 
and said output shaft, and (b4) a claw clutch provided on said gear trains; (c) a 
first motor connected to said first input shaft; and (d) a second motor connected 
to said second input shaft, since various driving modes can be realized, as well 
as, the small-sizing of the motors, thereby enabhng to establish and/or satisfy 
both the reduction in mileage and the drivabihty due to the small-sizing and the 
weight-lightening of the power transmission apparatus. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a view showing the structure of an automobile system according 
to one embodiment of the present invention. 

Fig. 2 is a view showing the control blocks of the embodiment shown in Fig. 

1. 

Fig. 3 is a graph showing target drive shaft torque characteristics of the 
embodiment shown in Fig. 1. 

Fig. 4 is a graph showing gearshift commands of the embodiment shown in 
Fig. 1. 
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Fig. 5 is view showing the operation principle of the embodiment shown in 
Fig. 1, in particular, under a motor running mode. 

Fig. 6 is a view showing the operation principle of the embodiment shown 
in Fig. 1, under an alternator mode. 

Fig. 7 is a view showing the operation principle of the embodiment shown 
in Fig. 1, in particular, under a charging while sopping mode and a series mode. 

Fig. 8 is a view showing the operation principle of the embodiment shown 
in Fig. 1, in particular, under a parallel mode. 

Fig. 9 is a view showing the operation principle of the embodiment shown 
in Fig. 1, in particular, under a series/parallel common mode. 

Fig. 10 is a view showing another operation principle of the embodiment 
shown in Fig. 1, in particular, under the series/parallel common mode. 

Fig. 11 is a view showing the operation principle of the embodiment shown 
in Fig. 1, in particular, during the gearshift from clutch to clutch (clutch-to- 
clutch gearshift). 

Fig. 12 is a view showing a time chart of a control method of the 
embodiment shown in Fig. 1, in particular, during the clutch-to-clutch 
gearshift. 

Fig. 13 is a view showing another time chart of the control method of the 
embodiment shown in Fig, 1, in particular, during the clutch-to-clutch 
gearshift. 

Fig. 14 is a view showing a time chart of the control method of the 
embodiment shown in Fig. 1, in particular, during preparation for gearshift. 

Fig. 15 is a view showing the operation principle in exchange of a dog 
clutch shown in Fig. 1. 

Fig. 16 is a view showing a time chart of a rotating speed control, in 
particular, when changing over the dog clutch shown in Fig. 1. 

Fig. 17 is a view showing a time chart of a torque compensation control, in 
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particular, when changing over the dog clutch shown in Fig. 1. 

Fig. 18 is a view showing a time chart of another torque compensation 
control, in particular, when changing over the dog clutch shown in Fig. 1. 

Fig. 19 is a structure view of the automobile system, according to another 
embodiment of the present invention. 

Fig. 20 is a view showing the operation principle of the embodiment show 
in Fig. 19, in particular, under the motor running mode. 

[EXPLANATION OF CHARACTERS] 

1.. .Engine; 3, 6, 9 and 14.. .Hub sleeve; 23.. .First input shaft; 24., .Second 
input shaft; 25.. .First friction crutch; 26.. .Second friction crutch; 27.. .Output 
shaft; 29.. .First motor; 30.. .Second motor; 31-42.. .Gear; 100... Gear-type 
transmission. 
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[NAME OF DOCUMENT! ABSTRACT 
[ABSTRACT] 



RECEiVED 

JUL 1 4 2004 

GROUP 3600 



[PROBLEM TO BE SOLVED] 

To provide a power transmission apparatus, which comprises an 
engine, a plurality of electric motors and a gear-type transmission, capable 
of achieving both a reduction in mileage and drivability through making the 
motors smaller by reducing torque of the motors required during gear 
shifting. 



[MEANS FOR SOLVING THE PROBLEM] 

A gear-type transmission 100 comprises a first input shaft 23 to which 
motive power is transmitted firom an engine 1 through a first fiiction clutch 
25; a second input shaft 24 to which the motive power is transmitted fi-om 
the engine 1 through a second friction clutch 26; and a plurality of gear 
trains provided between the first input shaft 23 and an output shaft 27 and 
between the second input shaft 24 and the output shaft 27. Connected to the 
first input shaft 23 and the second input shaft 24 are a first motor 29 and a 
second motor 30, respectively, fi:om which motive power is transmitted to the 
output shaft 27 through the plurahty of gear trains. It is thus possible to 
reduce a maximum torque required when changing-over a claw clutch 
provided on the gear trains. 



[SELECTED DRAWING] Fig. 1 
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FIG. 5 
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FIG. 9 
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FIG. 10 
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FIG. 13 
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FIG. 14 



SHIFT COMMAND 
Ss 

1st INPUT SHAFT 
DOG CLUTCH 
POSITION DCPOS1 



ENGINE 
TORQUE Te 

1st INPUT SHAFT 
ROTATING 
SPEED Nil 

VEHICLE 
SPEED Vsp 

1st FRICTION 
CLUTCH TORQUE 
Tel 

2nd FRICTION 
CLUTCH TORQUE 
Tc2 

1st MOTOR 
TORQUE Tml 

2nd MOTOR 
TORQUE Tm2 



OUTPUT SHAFT 
TORQUE To 



2nd SPEED 



1st SPEED 



+ 
0 — 



Ne 



GEAR-SHIFT CLUTCH-TO- 
PREPARATION CLUTCH SHIFT 



3rd SPEED 



NEUTRAL 




WITH 
MOTOR CONTROL: 
WITHOUT 
MOTOR CONTROL: 



3rd SPEED 



Ni2 



a b 



14/19 



FIG. 15 
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FIG. 16 
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FIG. 17 
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FIG. 18 



SHIFT COMMAND 
Ss 

ACCELERATION 
PEDAL DEPRESSION 
AMOUNT a q 

1st INPUT SHAFT 
DOG CLUTCH 
POSITION DCPOS1 



ENGINE 
TOROUE Te 

1st INPUT SHAFT 
ROTATING 
SPEED Nil 

VEHICLE 
SPEED Vsp 

1st FRICTION 
CLUTCH TORQUE 
Tel 



1st MOTOR 
TORQUE Tml 

2nd MOTOR 
TORQUE Tm2 



OUTPUT SHAFT 
TORQUE To 



0 



2nd FRICTION 
CLUTCH TORQUE 

Tc2 0 



3rd SPEED 



3rd SPEED 



5th SPEED 



NEUTRAL 



WITH 

MOTOR CONTROL: 
WITHOUT 
MOTOR CONTROL: 



5th SPEED 



a b 



^ ^ TIME 



JiLO 7 20IK 



18/19 



FIG. 19 
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